A sire evaluation procedure is proposed for situations in which there is uncertainty with respect to the assignment of progeny to sires. The method requires the specification of the prior probabilities P;j that progeny i is out of sire j. Inferences 
I. Introduction
There are situations such as m multiple-sire matings under pastoral conditions where sire evaluation is complicated because of uncertainty with respect to the assignment of progeny to sires. Using information from red blood cell types, major histocompatibility markers or precise records on breeding period and gestation length, it is possible to specify the probabilities (p ;j ) that a given offspring (i = 1, ..., n) has been sired by different males (j = 1, ..., m). In the absence of such information, it is reasonable to state that individual males in a given set, e.g., bulls breeding in the same paddock, are sires with equal probability. This problem was studied by PmVEY & E LSEN (1984) within the framework of selection index and its restrictive assumptions. The purpose of this paper is to present a more general and flexible methodology able to cope with several sources of variation including unknown fixed effects and variance components. The procedure is along the lines of linear and nonlinear mixed model methodology (H ENDERSON , 1973 ; G IANOLA & F OULLEY , 1983a, b) . Continuous and discontinuous variation are examined in this paper to illustrate the power and generality of the approach. where y is a vector of records, [3 is an I x 1 vector of « fixed » effects (e.g., genetic groups, « nuisance » environmental factors), u is an m x 1 vector of random transmitting abilities of sires, X and Z are instance matrices, and e is a vector of residuals. The matrices X and Z are known (non-random), if the sires of the progeny with records in y are identified. In other words, the above model holds conditionally on X and Z.
Let T i j define the situation in which male j is the true sire of progeny i. The conditional distribution of the record y, given Yi j , the location parameters p and u and the residual variance U2 can be written as where NIID stands for normal, independent and identically distributed ; z ij is an m x 1 vector having a 1 in position j and 0's elsewhere. Put wi, = [x,, zi j] , 0' = [(3', u'] and define laij = w',,O. Inferences about 0 can be obtained conveniently via Bayes theorem, and this has also been done in other genetic evaluation problems (RB NNINGEN , 1971 ; D EMPFLE , 1977 ; L EFORT , 1980 ; (L INDEMAN et al., 1980, p. 196). In the discrete case and given Y ij , if ui j is large progeny i would be expected to respond with high probability in the first category and q*, will be larger when the response is actually in the first rather than in the second category. The expression for v jj (with a minus sign) is the « normal score » discussed by G IANOLA & F OULLEY (1983a, p. 216 ; 1983b, p. 143).
IV. Estimation of unknown variances
The point estimators of location described above are the modes of posterior distributions of 0 conditionally on the variances afl and Q e in the normal case, or to uul in the situation of binary responses. When these variances are unknown, Box & T IAO (1973) Sire evaluations ignoring uncertainty on paternity were also calculated so as to further illustrate the procedures. This was done by assigning progenies 1, 2, 3 to sire 1 and record 39 to sire 6.
B. Results
Results of the analysis conducted for BW are presented in table 2. Irrespective of the algorithm used, the stopping rule of 10-1 was satisfied in 4 iterations. The fact that the algorithms were equally fast to converge is undoubtedly related to the limited extent of nonlinearity, as only 4 out of 39 records had ambiguous parentage. 4 / this data set, from a practical point of view iteration could have stopped at the second round. Differences between the analyses conducted ignoring uncertainty and taking it into account were minimal. Sire 1 was the most affected because 3 records assigned to him in the case of certain paternity were assigned to sires 7 or 8 when paternity was uncertain.
The analysis of calving< ease is shown in table 3. When paternity was certain, 5 iterates were required to converge. On the other hand, 13 iterations were required when uncertainty was taken into account. This is so because with a binary trait there are 2 sources of nonlinearity when paternity is uncertain : one due to the fact that the model is nonlinear, and the second due to the uncertainty itself. The second source of nonlinearity was responsible for the 8 additional iterations.
Estimates 
VI. Discussion
The impact of the extent of misidentification on sire evaluation and on estimates of genetic parameters was studied by V AN V LECK (1970a,b) and Bo N mTt (1975) . These authors found that misidentification of sires biased downwards estimates of heritability and of expected genetic progress. Biases in evaluation of sires increased as the fraction of misidentified animals increased.
The approach followed in the present study, as in PomEY & E LSEN (1984) where a jr is the additive relationship between sires j and j'. It follows that V is not in theformZGZ' + R needed to put V-' = R-1 -R-1 Z(Z'R-I Z + G-')-'Z'R-' so as to establish the equivalence between the best linear unbiased predictor above and the results given by the mixed model equations (H ENDERSON , 1984 
